We observed CO J = 1-0 and HCN J = 1-0 line emission toward a high-velocity, compact molecular cloud, CO 0.02-0.02, near the center of our Galaxy, using the Nobeyama Millimeter Array (NMA). A CO velocityintegrated map with a resolution of 4: 00 3 2: 00 4 shows two oval clumps with sizes of 0.8 pc. These clumps are seperated by 1.2 pc, being located at the eastern and southwestern peripheries of the CO 0.02-0.02 cloud. The overall distribution of HCN emission coincides with that taken with the Nobeyama 45 m telescope. The HCN velocityintegrated map with a resolution of 6: 00 1 3: 00 4 shows two prominent peaks in the cloud center. Both NMA maps at V LSR 110 km s 1 show an arc-shaped edge in the southeast, which may correspond to the edge of the "emission cavity" found in the CO J = 3-2 integrated-intesity map. We also noticed a faint radio continuum "arc" that encircles the bulk of the CO 0.02-0.02 cloud. These results support the notion that CO 0.02-0.02 has been accelerated, heated, and compressed in a series of supernova shocks that occurred within the last (3-5) 10 4 yr. We suggest that a massive compact cluster with an age of 10-30 Myr is responsible for the formation of the CO 0.02-0.02 cloud.
Introduction
A large-scale CO survey of the central molecular zone (CMZ) of our Galaxy with the Nobeyama Radio Observatory (NRO) 45 m telescope has revealed a highly complex distribution and kinematics of molecular gas, including many expanding shells/arcs and filaments (Oka et al. 1998) , along with a number of compact clouds exhibiting large-velocity widths. This population of high-velocity compact clouds (HVCCs) is unique in the CMZ, and might be related to the formation process of expanding shells/arcs, the origin of anomalous physical conditions (e.g., Morris et al. 1983; Paglione et al. 1998) , and widespread SiO (Martín-Pintado et al. 1997; Hüttemeister et al. 1998) there. The boisterous molecular-gas kinematics may be the result of a violent release of kinetic energy by a number of supernova explosions and/or Wolf-Rayet stellar winds, which could be the consequence of a burst of star formation in the recent past (several 10 7 yr). CO 0.02-0.02 is such an HVCC, being centered at (l; b) ' (+0: ı 02, 0: ı 02) in the 34 00 grid CO J = 1-0 map, about 5 0 east from the center of the Galaxy. This cloud stands out because of its extremely large velocity width (∆V 100 km s 1 ) and its compact size ( 3 4 pc 2 ). Followup observations using the James Clerk Maxwell Telescope (JCMT) and the NRO 45 m telescope have shown that CO 0.02-0.02 is very bright in CO J = 3-2, HCN J = 1-0, and HCO + J = 1-0 spectral lines, suggesting that it clearly has high density and temperature with n(H 2 ) & 10 4:2 cm 3 and T k & 60 K (Oka et al. 1999, hereafter Paper I) . The kinematics of this cloud cannot be explained by a coherent expanding shell being associated with a number of expanding features. The total kinetic energy amounts to (3-8) 10 51 erg, which requires several tens of supernovae. It is most likely that CO 0.02-0.02 has been accelerated, compressed, and heated by several tens of supernovae within the last (3-5) 10 4 yr. A high-resolution imaging was made to reveal the nature of CO 0.02-0.02. This paper presents aperature synthesis images of CO 0.02-0.02 in the CO J = 1-0 and HCN J = 1-0 line emission. In this paper, we employ the "classical" value, D = 8.5 kpc, as the distance to the Galactic center (Kerr & Lynden-Bell 1986) .
Observations
The observations were made in 1997 May and NovemberDecember and in 1998 January-April with the Nobeyama Millimeter Array (NMA), an array of six 10 m telescopes. We observed CO J = 1-0 emission at 115.271 GHz and HCN J = 1-0 emission at 88.632 GHz. Data were taken in three independent array configurations. The primary beam of the single antenna had sizes of 77 00 and 59 00 in diameter (HPBW) at the CO and HCN frequencies. The receivers employed SIS mixers with DSB receiver temperatures of 20-60 K. The SSB system temperatures scaled to above Earth's atmosphere were typically 600-1400 K (115 GHz) and 300-800 K (89 GHz) at a low elevation of the Galactic center.
We used an XF-type spectrocorrelator, an ultra-wide-band correlator (UWBC: Okumura et al. 2000 ) with a total bandwidth of 512 MHz over 256 channels (smoothed into 2 ch bins), which corresponds to 1330 km s 1 and 1730 km s 1 coverages with 10.4 and 13.5 km s 1 resolution at the CO and HCN frequencies, respectively. Observations of a blazer NRAO 530 were made every 30 min to calibrate the phase and amplitude response. The absolute flux scale of NRAO 530 was determined by comparison with Mars and Uranus, and has an uncertainty of 10-20%. Observations of 3C 273 were made everyday to calibrate the gain of correlator channels.
The position of the phase center was˛2 000:0 = 17 h 45 m 43: s 74, ı 2000:0 = 28 ı 56 0 03: 00 3. The UV coverages of the CO and HCN data were 4 k -102 k and 3 k -80 k , respectively. Continuum data were taken by averaging the visibility data of line-free channels, and subtracted from the observed visibility to obtain line data. The calibrated-visibility data were processed with the AIPS package. The visibility data were Fourier-transformed and CLEANed in the usual manner. To improve the signal-to-noise ratio for the extended emission, the visibility data were naturally weighted. The synthesized beams were 4: 00 266 2: 00 401 (PA = 7: ı 5) for CO, and 6: 00 096 3: 00 406 (PA = 8: ı 3) for HCN. The rms noise in the cleaned 4 MHz channel map is 260 mJy beam 1 (2.7 K) for CO, and 80 mJy beam 1 (1.5 K) for HCN.
Results
The image of the CO J = 1-0 emission integrated between V LSR = 100 and +200 km s 1 is presented in figure 1 . This interferometric CO image differs considerably from either of the single-dish maps (see Paper I). The CO J = 1-0 image is dominated by two oval clumps with sizes of 0:8 pc at (∆˛; ∆ı) ' (+10 00 , 0 00 . The eastern CO clump shows an elongation in the E-W direction, while the southern one has an N-S elongation. The CO clumps are seperated by 1 pc and located in the eastern and southern peripheries of the CO 0.02-0.02 cloud that appears as a well-defined object in a CO J = 3-2 single-dish map (figure 1b) taken with the JCMT. The JCMT CO J = 3-2 map shows eastern and southern extensions corresponding to the CO clumps. These extensions define the edge of the "emission cavity" reported in Paper I. The central velocities of the eastern and southern clumps are V LSR ' +110 km s 1 and +70 km s 1 , respectively. Figure 2 shows an image of HCN J = 1-0 emission integrated between V LSR = 100 and +200 km s 1 with the map taken with the NRO 45 m telescope. The overall distribution of the HCN emission exactly coincides with the single-dish HCN map. The HCN integrated-intensity maps are dominated by a large clump with two prominent peaks in its center. The interferometric HCN image shows eastern, southern, and northern extensions, which are clearly seen in the single-dish map (figure 2b). The northwestern extension corresponds to the "rounded head" of CO 0.02-0.02 that appeared in the JCMT CO J = 3-2 map (Paper I). The HCN integratedintensity maps resemble the CO J = 3-2 and 850/450 m submillimeter continuum maps (Pierce-Price et al. 2000) .
The CO and HCN line profiles integrated over the field of view of the NMA are shown in figure 3. Although both profiles have the same velocity extent, from V LSR = 50 to +100 km s 1 , their line shapes are significantly different. The CO profile has emission peaks at V LSR ' 40, +20, and +110 km s 1 , suffering absorption from foreground gas at V LSR = 30 to 0 km s 1 . Unfortunately, the NRO 45 m CO data are spatially undersampled (34 00 grid/ 16 00 HPBW), and thus a precise evaluation of the missing flux is impossible. In the velocity range of V LSR = 130 to 160 km s 1 , about 2=3 of the total CO flux was detected by the NMA, while a considerable amount of emission was resolved out in the lower velocities. The "200 pc expanding ring" (Kaifu et al. 1972 ) appears only in the NRO 45 m CO profile at V LSR 180 km s 1 . The HCN profiles have a peak at V LSR ' +80 km s 1 , and an absorption dip at V LSR = 0 km s 1 . In the positive highvelocity end, about 2=3 of the total HCN flux was detected by the NMA, while a large amount of emission was resolved out at velocities lower than V LSR = +100 km s 1 . Figure 4 shows velocity channel maps of CO and HCN, with a 20 cm radio continuum image taken with the Very Large Array (VLA) (Yusef-Zadeh et al. 1984) . The two oval CO clumps appear clearly at V LSR 90 km s 1 . The NMA CO maps differ considerably from the JCMT CO J = 3-2 maps, especially in the velocity interval V LSR = 70-100 km s 1 , where most of the CO J = 1-0 emission is resolved out. The southwestern clump ranges from V LSR = +60 km s 1 to +120 km s 1 , while the eastern clump ranges from V LSR = +90 km s 1 to +160 km s 1 . The NMA CO image at V LSR 110 km s 1 shows an arc-shaped edge in the southeast, which may correspond to the edge of the "emission cavity" found in the CO J = 3-2 integrated-intesity map (Paper I). The position-velocity behavior of the HCN J = 1-0 NMA maps resembles that of the JCMT CO J = 3-2 maps, having an intense peak at V LSR ' 90 km s 1 and an arc-shaped edge in the southeast. There remains a discrepancy of 10 00 between the CO peak measured with the NMA and that with the JCMT at V LSR 150 km s 1 . We also notice a faint radio continuum "arc" in the 20 cm image taken with the VLA. The flux density of the arc is typically S 20cm 0.2 mJy beam 1 . The continuum arc seems to encircle the CO clumps as well as the arc-shaped edge, and touches the HCN emission peak in the inside. 
Discussion and Summary
The CO J = 1-0 spatial distribution revealed by the NMA was a surprise to us, while the HCN J = 1-0 data show a less-clumped structure. The interferometric CO images may not trace the entity of CO 0.02-0.02, since opaque, ubiquitous CO J = 1-0 emission may be extended over the field of view of the NMA (59 00 at 115 GHz) and the minimum baseline for the CO observations (4 k ) corresponds to a 50 00 largest extended structure sensitivity. This suspicion is strengthened by a large percentage of missing flux in the velocity interval V LSR = 70-100 km s 1 ( figure 3 ). An explanation for the interferometric CO image, which is dominated by two oval clumps, may be that it represents the sharp edge of the "emission cavity". This suggests that the real CO J = 1-0 distribution around CO 0.02-0.02 is featureless within the field of view of the NMA, except for the sharp, arc-shaped edge in the southeast.
The HCN J = 1-0 image as well as the JCMT CO J = 3-2 image may preferentially trace the distribution of shocked gas. The arc-shaped edge is apparent in the HCN image at V LSR 110 km s 1 , and the correspondence of the HCN image with the CO J = 3-2 emission cavity is evident. The size parameter and the velocity dispersion of CO 0.02-0.02 were measured from the NMA HCN data cube, to be S = D tan( ˛ ı ) 1=2 = 0.4 pc and V = 48 km s 1 . The size parameter derived from the NMA HCN data is a factor of 4 smaller than that measured from the JCMT CO J = 3-2 data (Paper I), giving a shorter expansion time and a far smaller kinetic energy. They unfortunately do not represent real energetics of CO 0.02-0.02, since the NMA data do not cover CO 0.02-0.02 entirely. Thus, we employ physical paramters of CO 0.02-0.02 derived from the JCMT data (Paper I).
The huge kinetic energy [(3-8) 10 51 erg] and the short expansion time [(3-5) 10
4 yr] of CO 0.02-0.02 suggest that it formed after a series of supernova explosions. The physical conditions of molecular gas there are typical for post-shock gas (Paper I). The high gas temperature and relatively low dust temperature (Pierce-Price et al. 2000 ) also indicate shock heating, and not UV heating. The faint radio continuum "arc" could be a remnant of supernova events (figure 5b). From the kinetic energy and the expansion time of CO 0.02-0.02, we estimate a supernova rate of (1.4˙0.7) 10 4 Á 1 kin yr 1 , where Á kin is the ratio between the kinetic energy and the total baryonic energy of a supernova, which is taken to be 10 51 erg. If the star formation rate (SFR) is constant, or slowly varying with time, the supernova rate indicates a high SFR of (0.02˙0.01) Á 1 kin Mˇyr 1 with the stellar initial mass function by Scalo (1986) . However, a lack of current star-formation activity, i.e., an absence of H II regions, suggests that the constant SFR is not the case with CO 0.02-0.02. Alternatively, a local, short-duration (. 1 Myr) burst of star formation can explain the observations. Such a microburst in the Galacticcenter environment may form a compact massive cluster. The age of the compact cluster must be between 10 Myr and 30 Myr, which are the main-sequence lifetimes of 15 and 8Mš tars, respectively. In this case, we can estimate the mass of the stellar cluster, that is responsible for the formation of CO 0.02-0.02, to be 10 5-6 Á 1 kin Mˇ. We inspected mid-infrared images taken with the IRAC instrument on the Spitzer Space Telescope (Stolovy et al. 2006) , 1 and found a group of point-like sources within the emission cavity. These point-like sources are buried in a lump of spatially extended 8 m emission (figure 5c), showing a characteristic of stellar clusters embedded in molecular clouds. We also see an excess of 20 cm emission and a hint as to a faint 8 m feature near the small shell. These facts strongly support our notion that CO 0.02-0.02 has been formed by a series of supernovae. A schematic view of the CO 0.02-0.02 environment is given in figure 6 .
The detection of young compact clusters in the Galacticcenter environment is a matter of importance, since young compact clusters could be birthplaces of intermediate-mass black holes (IMBHs: 10 2 -10 5 Mˇ). Recent theoretical studies suggest that such young clusters sink toward the nucleus within a short timescale, and eventually merge via gravitational radiation, forming a supermassive black hole (SMBH: Ebisuzaki et al. 2001) . The nucleus of our Galaxy harbors a supermassive black hole with a mass of 3.6 10 6 Mˇ(e.g., Eisenhauer et al. 2005) , which may have been formed and grown up in that way. Due to severe contamination of stars in the Galactic disk and bulge, and to severe extinction by dust grains in the intervening clouds, the identification of such clusters in the CMZ is generally a hard task. Our discovery of HVCCs may offer a unique, new method for identifying young massive clusters, especially in the severely obscured Galactic-center environment. Deep near-infrared imagings with telescopes in the 8 m class toward energetic HVCCs could detect young compact clusters associated with them.
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